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Carbon black, dispersed in a trunsparent medium has - if the
concentration and the thickness of the layer are right - the
property of modifying the light passing through it in a characteristic
way. Ir, for cxample, rubber and carbon black mixtures are
preparcd ior examination according to the recommendation of
I. POFLE (1), i.e. about 2% by’wel ht carbon black in rubber, pressed
out thinly between the slide and the cover glass, the intensity of
colour of a carbon black can be seen by"comparison, even with the
naked eye by transmitted light. Looked at in this way highly
active blacks look brownish grey and inactive ones bluish grey.
It is very much easler to recognize definite kinds off blacks
prepered in ‘the same way under the microseope with high magnification
in the bri ht field and it is possible to see directly fairly large
particles of carbon black as well as to distinguish the colour,
In this way it is possible, by comparison with stancard specimens as
to colour and characteristic shape of the particle, to recoypnize
most of the carbon blacks according to kind, or at least type.
In order %o carry out more exact measureaents of ‘carbon particles
the author has used a method using the ovtlcwl miscroscope, which
willl be briefly exolalned. :

The smillest object which can be recognized under the most
favourable conditions with visible lisht measured approximately

002 . 10™Mem® (2).  5till smaller objects, as for example
particles of a highly active carbon black, can presumably be made
vigible in the dark field but they cannot be measured directly,
When particles smaller than about 0.2 10-40m are viewed in the
dark field nothing is obtained except diffraction disecs. If a

" earbon black could be successfully prepared for the microscope so
that the particles are dispersed with distances between them equal
to or greater than the smallest resolvable distance, then 1t might
be expected that every individual p.rticle woulc be distinguished
provided the intensity of the diffracted light iz adequate, The
following procedure may be adopted for the preparation of such a
microscope subject,.

A mixture of, for cxample, 2% Inca carbon black in white crepe
is dissolved in benzene and a drop of the solution placed on a clean
surface of water; the drop: sprcgdo out immediately, the bernzene
evaporstes and finally there is lceft flos t¢ng on the water a thin
film of rubber with carbon black dispersed in ity This is mounted
on a microscope slide and covered with Canacda balsam and a cover slip.
In this way the particles of curbon dispersecd in the rublLer can be .
successfully oriented in the same plane as the microscope slide.
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If onc of these "film preperations” is viewed in the dark field

with the highest magnirication each curbon granule should be
recognizable by a diffroaction dise as far as. the intensity of light
permits, According to Rayleigh's law the intensity of the
diffracted light is proportional to the square of the volume of the
particle under consider.tion assuming the shape to be spherical.

By means of photographs exposcd for different lengths of time it can
be decided whut exposure must be allowed so that cven the snallest
particle in such a carbon black can be reproduced. If such a series
of dark field photographs is comparcd with the impression gained through
visual observation it will be demonstrated that the eye has not
registered nearly as many particles as are actually present. The
amount of lizhi diffracted from the smullest particles of a highly
active carbon black, even with dark field illumination from all sides
and an electric arc lamp is not sufficient to. produce an impression
which can be received by the eye; only the larger particles can be
seeni  But if a highly scnsitive photographic plate is used and the
correct exposure made the threshold value can be reached and even the
smallest carbon particles con be identificd, To avoid unduly long
cxposure times the author uses unfiltered are light for these
photographs; 1t is true that this reduces the definition of the
pLotographs somewhat, but it makes it much easier to achieve the real
object by bringing in tie long wave ultra-violet r.diztion.
Photographs in the bright field also reproduce a larger number of
particles ~ by compurizon with the visurl picture ~ if a

high contrast plate is used.

In the dark field series, Figures 1-5, tlic exposure times are
increzsed four-fold for erch successive picture. In Figure 1 the
threshold value is only just reached by the brightest particles
end as soon as the exposure time was reduced nothing was obtained.
Similarly, in Ffiguwre 5 the exposure factor of the smallest, i.e.
the particles of lowest light intensity, was reached in practice, and
an increase in the exposurc time oroduced no incr.zse in the number
of particles in the picture. The most important condition in. the
making of such & serius of photographs is that the particles are
dispersed widely enough, so ‘that the unavoiceble halation from the
bright particles does not overlap the darker particles, The sole
purpose of the present scries of photoygraphs was to show under what
conditions the smallest carbon granules could be made visible and
in particulor what exposure time was required,

Ta orcer to mezsure the average volume of 2 carbon particle it
is necessary to know the number of particles in a given spacs and
also the space concentration in volume per cents To discover this,
the author produced, on the laboratory rolling mill, some carbon
black mixtures with the purest white crepe, s0 that there was a known,
very small carbon content, 4 small specimen from one of these very
clean end uniformly produccd mixturcs was pressed out thinly between
the slide and the cover slip so that the thickness of the layer was
about 5 =~ 10u. In a preparation likc this the carbon granules do not
lie all in one plene - as previously - but are disposed over the whole
space and it can be assumed that they £ill it uniformly, The specimen
was then micro-photographec, the focal plane of the microscope being
v brought approximately to tiie region of half the thickness of the

L ]
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PLODOTa T tL0s If it is certair thot 211 the particles cean be
renrodused even in the bright field, particularly in the case of
cairbon blacks with large particles with no active components,
then the photosraph can be taken in the bright field. In any
‘eose of doubt the dark field vhotogreph would certainly give
cqual rosults. Blacks which have small porticles, such as,

let us say, the semi=~.ctive or hipghly active blacks can only

be photogranhed in the dark field,

The purpose of -the photosrsph is to reproduce all the
particlés in o _iven zonc of depth Ab by appropriate cxposure
“times zo thet they appear on the photographic plate in a
concontration low enough to permit satisfactory counting. To
analyze such a photopraph it is neccussary to know the
na nification the carbon black concentration by volume per cent,
and the valuc Ab, Every poriicle is counted, irrespective of
the sharpness of -definition of the image, provided it can be
recopnized as such. This process depends on the accurate
measuremcrt of . Ab. In this connection it is helpful to know how
far from the focal plane the-carbon granules can be.and still be
reprocuced in the vhotograph, A moment's reflection will show
at once that all > purticles canmot be evaluated alike because
the smallest particles, il.e. those of lowest light intensity
cennot bo seen 30 far from the focal plane as larger ones, 1.¢.
the brintoer particles, In the first case the light intensity
of the dispersion ring drops more rapidly below the exposure
factor of the photographic plate = owing to the lack of focus -
than in the latter case.  This situation is most clearly demonstrated
by an experiment using a carbon black propuration in which the:
particles =re arranged in a plane and micro-photographed at a
known inclination to the optical axis and under the same
conditions as the photographic plates for the counting processe

In the case of such a photograph with carbon particles
“disposcd in a plane and taken at a known inclination it is to
be expectoed that, in the rezion of the focul zone every
particle will be reproduced but thut further off only the brighter
oncs, because herc the light intensity of the small particles,
being distributed over a greater dispersion ring, no longer
rcaches the exposure factor of the vhotographic plate.

The deelinc in definition upwards and downwards is not
symmetrical as is immediztely appurent from the laws of geometric
optics. For analytical purposcs the photograph in Flgure 10 was
dividec wp into purallel strips, corresponding Lo a width in the
gpecimen of 5y, and parallel to the focal line, The carbon
particles appearing on these strips were counted and plotted

graphicelly as showm in figure 11,

When determining the depth Ab to be photographed with the
preperation pleced at an angle, it is assumed that the number of
perticles actually present in ewch strip-width is, on the average,
the same and also egial to the number obtained for the strip in
which 4+ definition is preatest (figure 10 - strip No. 4, nunber
of particles 150). The drop in the nunber of particles to the
left and richt is thus due only to the increasing lack of definition
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in the photog As, uwnfortunstely, it wes not possible to

continue the photograph ULtLl the declining partlcle—count reached
zero, the missing values were obtained ty srophic extrapolation

(Figure 11),  There is, thus, a reconstruction of the total of all the
particles which would appeur if the photograph in Figure 12 is imagined
to be extended to the left and the right and this sum 1055 is

divided by the average number of particles in cach strip 150.

The result, 7,indicutes that, on the wholc, there are as many
particles reproduced a3 thero are in 7 strips, In other words the
same resull is obtained by counting all the particles which are
reproduced, taking into account the increasing lack of definition,

and by counting all tne particles in 7 strips. Thus we shall not go
wrong if, when considering o series of rhotos crophic counting plates
(Fleure12~16), we put the total number of particles counted aqual to
that number of particles actually found to exist in a space whose
depth is, us shown in Figure 10, the differcnce in depth of 7 strlps.
Thls differcrice can be calculated from the known inclinaticn

a:b = 1.34:21‘5 (Figures 9 and 10) giving 2.2 . 1O-Z+cfn. This would
yield & value for the length Ob which would make possible the
calculation cf the average particle volume on the basis of the
photographic plite count,

The photographs 12-17 show photoirraphs with an increasing
carpon content. It appears from these that the rubber moterial in
which the black is dispersed itself conteins foreigh bodies so that
the number of the poarticles photorraphcd with a zero carbon concentration
doecs not drop to zero, With a few deviations there appears to be a
linear relction between the number of particles counted and the
concentration - illustrated in Pigure 18 - always keeping within the
range of small carbon concentrations. It is self-evident that when
evalusting photographic count-plates the zero value must be deducted.

The photozraph shown in Figure 17, with a concentration of 01y
carbon black Inca in crepe, is not suitable for a quuntltatlve
determination of particle sizmes because the concentration is far too
high and it would be quite impossible to count all the particles
owing to the accumul:tions which they form,

The actual evalustion is performed quite simply according to
the formula -
Vm = —5.Bb r Vol.k
© 100 * n
where Vm is the average particle volume
Ab is the depth of the photograph as described above
Vol.;: iz the & volume of carbon in the wholc mixture

n is the number of carvon particles counted in the photo:raphed
surface I,
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Exemple: (cvaluation of Figure 16)

2

|
fl

1215 . 10"Com
-4

Ab = 2.2, 10 "em
Vsl.% = 3,09 ‘IO“5 (corresponds to 0,006 weight % in rubber)
n= 102 (Figure 16 shows 156 particles minus the 54
particles counted in PFigure 12 under the
same conditions without carbon black)
Vi = 8.10_160m3‘

This result is based on the dispersion of' carbon black in

-rubber and it will be understood that such a number can only be obtained
for the particle volume which would corrcspond to an optically
perceptible dispersion in the rubner. Hence, if' there should be, in
the rubber, particles of carbon formed, perhaps, by the conglomeration
of sinzle particles at one spot - smaller than the resolving limit of
the microscope =~ a result must be expected which corrcsponds to the
volume, of the conglomeration as a whole rather than the particle
volumc, Another important factor is the concentration of the
carbon~rubber mixture. If this is too high the points of light which.
have to be counted lic too close together so that the unavoidable
halations of the larger pnrticles make an accurate count impossible
(Example Figure 17)e It must also be noticed that in addition to the
light from the particles which can be counted, light will be diffracted
into the objective from particles lying above and below those

actually to be reproduced. This strey light causes the dark field

to become brighter with- the result that the particles of low light
intensity no longer stand out from the background, with sufficient
clarity,. It must thercfore be expected that if there is too high a
concentration of carbon falsec results will be obtained indicating too
great a volume, because all the particlés will not have been included
in the count. The suthor's cxperience shows that good results can
always be expectcd if the concentration is such that in a well
maintained dark field there are no more than 500 particles in an area

of approximately 2000 , 10.80m2 and a depth of Ab(magnification

2000 : 1). On the other hand it is not advisablc to have fewer than
100 particles in this same space because this would affect the desired
average valuc of probabilitics of particle accumulation to too great an
cxtent, There is doubtless a person:l factor involved in the counting
of the photographs, but this would be partly compensated by the fact
that the same person would be moasurlnb the value of the depth Ab by
countinga Another inuccuracy arises from the cxtrapolation

(Figure 11) which, however, remains within narrow limits in relation to
the total result because tite decisive factor in caleculation is the
centre of the picturc which has actually been obscrved and the
extrapolation is confined to the cd;.us where the numerical significancc
is slighter. It should also be mentioned that the adjustment of the
microscope must be wniform, particularly in the case of the dark field,
After considering all thesc factors the author thinks that errors due to
procedure should not cause deviations of more thon 50% in the final
result, In the lurge mejordity of cases the results werc contained
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within much narrower limits, At all events errors arising from
procedure are small by comparison with the differ.nces caused by
differing levels of activity of the carbon blacks so that this can
still be regarded as a successful method for the characterization of
the technically intercsting carbon=-containing rubbers.

It will be particularly interesting now to compare the results of
measurement made by the above procedure with thosc based on electron-
optical méasurements and photographs., . It must be borne in mind
while doing so that, on the basis of statistical measurements, the
procedure here described gives the average volume of the particles
and gives no information about the shape of the particle, Electron-
optical methods on the other hand, yield highly magnified -
"silhouettes" of the carbon particles from which much can be learnt
about the shape ~ but less about the volume - of the particles.

There is a difficulty in connection with the electron-optical
photographs in that the results do not indicate the numerical relation
which the particles bear to cach other and, as they show fairly large
differences in size it is difficult to gain a picture of the average
size, In order to obtain some guidance on this the author measured
the carbon particles shown in electron photographs and converted them
into volumes of the smallest and largest particles, using the method
indicated, The results are given in Table I.

Comparison of the photo-optical results with those from the
electron picturcs (as described in the previous paragraph) shows a
good measure of conformity in the case of the carbon black CK 4.

It is important to note hcere that this carbon consists entirely of

a highly active component - .as is apparent from observation by
photo~optics in the bright ficld, This is not quite the case for

“the black P 1250, There is no doubt that this carbon black consists

s mainly of particles corresponding to the electron photographs

quoted, But it also contains other, larger particles - as can be
clearly seen, even with the bright field illumination of the photo-
optical microscope -~ which, obviously present to a smaller extent,
could not be seen with the electron photographs. . With the statistical
measurement of the proccdure described it can be understood, therefore,
that the particle-volume ncasured photo-optically is a little higher
than would be expected from the elcctron photograph.  On the other
hand, in thc case of Inca black, the electron photograph also consists
of two distinct components, diffcring considerably from each other,

and it is very difficult to gain any idea of the average volume of

the particles from the elcetron picture alone, Considered purely
from the aspect of rubber technology the photo-optical result secms
satisfactory, even when compared with the other carbon blacks.

With Lyv 36, however, there is quite definitely a disparity between

the results from the two procedurcs, The smaller particles reproduced
in the electron picturc, considered as spheres, agree with the photo-
optical values, but the larger particles exceed them by a considerable
amount., It is not possible herc to answer the question whether perhaps
the black under investigation was not quite the same in both cases or
whether the shape is not spherical.,  All that need be said is that the
photo=optical result is satisfactory inasmuch &as it conforms well with
the impression obtaincd by observing this carbon black under the optical
microscope in thc bright field, particularly by comparison with P 1250

.
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and "Elastic". In the cass of flame-carbon black "Elastic" there
is reasonable agrecment betwecen the results from both procedurcs
provided the particles which cannot possibly be rcgarded as
spherical are thought of as cylinders or as a coherent, clongated
aggregation of sphores (similar to the inactive component of

Inca black), They arc then of an order of magnitude which can
be directly resolved to some cxtent with the optical microscope
the same impression of the shapc is then obtained as in the case
of thé clegtron photograph already mentioncd.

(e SUNMARY.

A process is described which makes possible the mecasurements
of ommercial rubber carbon blacks by means of the optical
microscope and gives the average volume of the carbon particles.
The process provides for -the photographing of the carbon
particles dispersed in the rubver at high magnification on a dark
ground and: for counting {rom the photographlc plate. The
thickness of the photographed sectlon is ascertained separately
by photographing at an angle a prep&rutlon with!particles of the
same carbon black o:.spcrsed in one planc. The average volume of
the particles was then calculated from the thickness, the surface
count and the concentrwuon by applying the tsual ultra-microscopic
formuld,
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TABLE I
— — e e — —
! Type of Avérage Dimensicns of Volume calculated on
carbon black | Volume Vm particles (3) basis of electron-
photo-optic |(electron-optically) optical measurements.
-16 3 -6 . -
CK 4 0.3x10 "“em”| 2.5x10 “em diemeter Spherical shape
of smallest particles| o ogx40~160m® for
2+0x107Pem diameter of | gnallest particles
largest particles 16 s
0.65x10" ' “em” for
largest particles |
- — S '
P 1250 5,107 1%m® | 5.7x10-60m diameter Spherical shape
of smallest particles 0.97}(_'10-1601'[13 for i
1O.Ox10‘6cmt@i§meter smallest particles
argest particles 5.25x10'160m3 for
largest particles !
pa- - i e ot s i
Inca dotive ccmponent: Active component: !
~16 5 - |
8.10 (L 1.5%x10 “em diameter Spherical shape
of sma}%est Partlcles O.O18x10-1 cm® for ;
7,0x10™cm diameter smallest particles 5
of largest particles 16 3 i
1.0x10" “om” for i
largest particles
Inactive component: Inactive component:
| elongated form As cylinger
| 80x10™ em length 140x10 ™ 00
i or as elongated,
i coherent aggregation of
spheres with single
spheres of
| p 172101 0am?
10x10" om width 100to 15Ox10_160ma
b e -y ey e Ei HE
Luv 36 250107 %en® | 10x10 %n diameter | Spherigal shape
| of smallest particles| 5,407 °en® ror
! 40x10 “em diameter smallest particles
of largest particl -
| gest particles | o e1071%m® ror
largest particles
-16 35 Elongaged form As cylinder
Elastic 126x10 cm { 662{10- cm length 170}:10-1 601118
1 or as elongated,aggregation
[ of spheres
! — —
f 16x10~%cm width 100 to 20010 Oon®
:
J
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Figs.1-6: The photographs show the same area of a prepared film of rubber
containing ‘Inca’ carbon black. All the carbon black particles are
located in the objective plane. Magnification 2000:1. Objective, 1/12
Leitz Fluorite, Ocular, Periplan 10x, Extension 46,5 cm. ¢ lamp without
filter. Leitz dark field condenser D 1.20., Figs. 1-5 Agfa Isochrome plate,
Fig.6 Monlalamp 5 amp. Leitz 2 stop condenser, Aperture stop fully open,
Green filter, Perutz silver eosin plate. Exposures Figure l, 2 seconds,
Figure 2,8 seconds, Figure 3, 32 seconds, Figure 4, 128 seconds, Figure 5,
512 secands, Figure 6, 15 seconds. The magnification given is for the

original negative.

Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030017-8



Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030017-8

Carbon black !

Photographed partlclat a particles - ortical L Ab depeh ,(‘;
- ™ - disperaned in ' the wicroscope
:l // the rubber v "i' : image
Thickness of | 'V 1 Cover glasa’
“I layer = j0p1 B ) ] ’
Exposure tilme seconds ‘]
Fig.7: Graph illustrating the number Akt s e AN Specimen
of particles reproducedI.ln rziation , R X ,,¥ v iy s " holder
to the exposure time. Inca black. Illuminating / L
dark ground series (Figs.1-5) ::y"" ne / / \ \ulu::;v:tml
Fig.8: Section illustrating the
arrangement for' taking a photo-
graph fer counting .
Optical axis ~——__ ! P;'Plred carbon black file '
Micro-objective { /G pecimen holder thicknegs a

Immersion oll

Dy
I
/ Inclination = :iE;J

Lr H - Microscope table
- Bage b —~ Dark field condenaer
FLY.S: Section illustrating the method of ’

tiflt

ing the prepared film in order to
determine the depth of the microscope image i

Particle ‘ o Counted particles
R R R

1 Jress v @
Strips
Fig.1l: Graphic evaluation of Figure 10 showing
the number of particles with respect to successive
strips. The curve is extrapolated both to the
right and the left beyond the limits of the
photograph.

Fig.10: Plane film prepared for Inca carbon black
at a known inclination. Objective, ocular as in
Figs. 1-6, Inclination a:b - 1.34:21.5. Agfa
Isochrome plate, exposure 8 minutes. i
Magni fication®2000:1. |
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Fig.12: C'nunt.(ng plate for white crepe Fig.13: Counting plate for white crepe
without carbon black. Counted with 0,001% Inca carbon black. Counted
particles 50. particles 75.

Fig.l4: Counting plate for white crepe Fig.15: Counting plate for white crepe
with 0,002% Inca carbon black. Counted with 0,004% Inca carbon black. Counted
particles 67. particles 124.

e T i ; )

Fig.16: Counting plate for white crepe .17: Counti late for white cre
with 0.006% Inca carbon black. Counted fﬁghlg.l% ﬂcangagbon black pe
particles 156. .

Figs.12-17: Microscope data. Exposure and plate material as for Figure 5. The
carbon black concentrations given indicate tﬁat in each case the given percentage
of carbon black in grams was added to 100 grams of rubber. Counting was done
from the plate. It is to be expected that the large number of weak light spots
will not show up in the reproduction. |

Counted particles

L) ——
- -
- ——
- -
» -
) L L4 lfh ke
% concentration of carbon black in the rubber
Fig.18 '

Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030017-8

S



